Abstract: Metal-free hemiporphyrazine (HpH2) is a notoriously insoluble material possessing interesting photophysical properties. Here we report the synthesis, structure, and photophysical properties of an octahedral zinc trans-ditriflate hemiporphyrazine complex "HpH2Zn(OTf)2" that contains a neutral hemiporphyrazine ligand. The photophysical properties of hemiporphyrazine are largely unaffected by introduction of zinc(II) triflate, but a dramatic increase in solubility is observed. HpH2Zn(OTf)2 therefore provides a convenient model system to evaluate the impact of aggregation on the photophysical properties of hemiporphyrazine. Soluble aggregates and crystalline materials containing planar hemiporphyrazines exhibit relatively strong absorbance of visible light (450-600 nm) and red luminescence (600-700 nm). Hemiporphyrazine monohydrate (HpH2·H2O), in contrast, has a nonplanar "saddleshaped" conformation that exhibits very little absorbance of visible light in solution or in the solid state. Upon photoexcitation at 380 nm, HpH2Zn(OTf)2 and HpH2 exhibit multiwavelength emissions centered at 450 and 650 nm. Emissions at 450 nm are highly anisotropic, while emissions at 650 nm are fully depolarized with respect to a plane-polarized excitation source. Taken together, our results suggest that excitonic coupling of aggregated and crystalline hemiporphyrazines results in increased absorbance and emission of visible light from S0 S1 transitions that are usually symmetry forbidden in isolated species. In contrast to previously proposed theories involving excited-state intramolecular proton transfer, we propose that the multiple-wavelength luminescent emissions of HpH2Zn(OTf)2 and HpH2 are due to emissive S1 and S2 states in aggregated and crystalline hemiporphyrazines. These results may provide a better understanding of the nonlinear optical properties of these materials in solution and in the solid state. 
transitions that are usually symmetry forbidden in isolated species. In contrast to previously proposed theories involving excited- 23 state intramolecular proton transfer, we propose that the multiple-wavelength luminescent emissions of HpH 2 Zn(OTf) 2 and 24 HpH 2 are due to emissive S 1 and S 2 states in aggregated and crystalline hemiporphyrazines. These results may provide a better 25 understanding of the nonlinear optical properties of these materials in solution and in the solid state. 26 H emiporphyrazines (Hps) were discovered more than 50 27 years ago, 1 but their photophysical properties remain 28 enigmatic. Despite a relatively large body of computational 29 results, 2−9 few experimental photophysical studies have been 30 published. 9−14 This is due, in part, to the poor solubility f1 31 properties of hemiporphyrazine free base (HpH 2 ) ( Figure 1A ) 32 and its ability to bind water molecules to adopt nonplanar 33 conformations with distinct photophysical properties. 4, 11, 15 34 Together with its sensitivity to acid-catalyzed hydrolysis, 35 tendency to form aggregates, and possibility of excited-state 36 tautomerization, these properties make metal-free hemi-37 porphyrazines like HpH 2 very difficult to fully characterize in 38 solution. Despite these challenges, the recent discovery of large 39 two-photon absorption cross sections of metal-free and metallo 40 Hps will invigorate research aimed at characterizing the basic 41 photophysical properties of hemiporphyrazines in the solid 42 state and in solution. Here we report the synthesis and characterization of an 82 octahedral zinc−hemiporphyrazine "HpH 2 Zn(OTf) 2 " (1) s1 83 (Scheme 1) containing a neutral hemiporphyrazine ligand 84 that adopts exclusively the C 2h -symmetric tautomeric form "D" 85 in the solid state and in solution ( Figure 1D ). While one can 86 consider a zwitterionic representation of the HpH 2 ligand in 87 this complex ( Figure 1F ), bond length analyses indicate that 88 the neutral representation ( Figure 1D) 166 value equal to 1.2U eq of its parent C atom (1.5U eq for the methyl t1 167 groups). Data collection and refinement parameters are given in Table   t1 168 1.
169
Photophysical Measurements. Absorbance Measurements in 170 Solution. Solutions of HpH 2 Zn(OTf) 2 were prepared at a 171 concentration of approximately 200 μM in dry methanol, and 172 serial dilutions were conducted in a quartz cuvette with a 0.2 173 cm path length over the range of 200 → 25 μM. Below 25 μM, 174 a cuvette with a 1 cm path length was used. All reported 175 absorbance data exhibited raw absorbance values of less than 1 176 AU.
177
Absorbance Measurements in KBr. A 0.3 mg amount of each 178 compound was ground with 200 mg of KBr in a mortar and pestle for 179 5 min. The resulting powder was pressed into a pellet under reduced 180 pressure using a Specac 15T manual hydraulic press. The resulting 181 pellets were 13 mm in diameter and 1 mm thick and appeared 182 transparent to the eye. Pellets were immediately measured at an angle 183 of 30°with respect to the incident beam.
184
Fluorescence Measurements in Solution. Solutions of HpH 2 Zn-185 (OTf) 2 were prepared at ∼200 μM in dry methanol, and serial 186 dilutions were conducted in a quartz cuvette with a 1.0 cm path length. 187 All excitation and emission measurements were recorded at an angle of 188 90°with respect to the incident beam, and all raw data were corrected 189 for inner filter effects of absorbance at each wavelength of excitation 190 "A(λ ex )". Corrected values were obtained by multiplication of the raw 191 intensity values by a correction factor "CF" ( Figure 3) . Notably, the C4−N2 "double" bonds and N1−C4 (Figure 3 ). The 276 resulting structure at 160 K (R = 0.049) was found to have 277 different unit cell parameters than the previously published 278 structure. 29 Aside from some small distortions similar to those 279 observed in HpH 2 Zn(MeOH) 2 ·2(OTf), HpH 2 adopts a nearly 280 planar structure. Despite the presence of repulsive interactions 281 between the isoindole hydrogen atoms in the center of the 282 macrocycle (N−H···H−N distance = 2.12(3) Å), tautomer "A" 283 of HpH 2 is present in our crystal structure ( Figures 1A and 3) . 284 The nitrogen atoms of the isoindole moieties are separated by 285 3.867(2) Å, while the distance between the two pyridyl 286 nitrogen atoms is 4.506(2) Å (Figure 3 ). provides a highly soluble model complex for the neutral . Absorbance (Abs) and emission (Em) spectra of HpH 2 Zn(OTf) 2 at two different concentrations in methanol. Emission spectra were obtained using excitation at 380 nm. (Figure 6 ). 325 This is the same wavelength range predicted for symmetry-326 forbidden S 0 → S 1 transitions in HpH 2 .
4,9 Changes in 327 luminescence also occur with increasing concentrations of 328 HpH 2 Zn(OTf) 2 in MeOH, where a linear increase in 329 fluorescence intensity (Ex = 380 nm, Em = 450 nm) was 330 observed from 0.1 to 5 μM, followed by a decrease in emission 331 from 7 to 15 μM (Supporting Information, Figure S3 ). This 332 type of linear increase of fluorescence followed by self-333 quenching is consistent with a monomer−dimer equilibrium 334 between 0.1 and 15 μM. In contrast, no detectable fluorescence 335 emission was observed at 600−700 nm over the same 336 concentration range. At concentrations above 20 μM, however, 337 a nonsaturating increase in fluorescence emission was observed 338 at 650 nm, suggestive of aggregate formation ( Figure 5 and 339 Supporting Information, Figure S3 ). Concentration-dependent 340 excitation spectra (Em = 650 nm) at concentrations above 20 341 μM revealed two excitation maxima centered at 350 and 450 342 nm (Supporting Information, Figure S4 ). These wavelengths 343 are similar to those predicted for S 0 → S 2 and S 0 → S 1 344 transitions in HpH 2 .
4,9 345
To evaluate the potential role of aggregation in the 346 concentration-dependent photophysical properties of HpH 2 Zn-347 (OTf) 2 , serial dilutions were conducted in DMSO (Supporting 348 Information, Figure S5 ). In contrast to the results obtained in 349 pure methanol (Figure 6 ), these dilutions obeyed Beer's law 350 over the entire visible region (Supporting Information, Figure  351 S5 ). In addition, no luminescent emissions at 650 nm were 352 observed from concentrated HpH 2 Zn(OTf) 2 solutions pre-353 pared in pure DMSO (Supporting Information, Figure S6) Figure S6 ). Taken together, these results suggest 361 that DMSO is able to inhibit aggregation of HpH 2 Zn(OTf) 2 362 and that aggregation reactions are indeed responsible for the 363 concentration-dependent photophysical properties of HpH 2 Zn-364 (OTf) 2 observed in pure methanol (Figures 5 and 6 ). and 550 nm (Figure 7) . The saddle-shaped compound 374 HpH 2 ·H 2 O, in contrast, lacks these absorbance features ( Figure   375 7 and Supporting Information, Figure S7 ). . Fluorescence polarization of randomly deposited microcrystalline materials using excitation at 350 nm, an excitation cutoff filter at 420 nm, and plane-polarized excitation and emission with an angle of incidence = 0°. Polarization is calculated as P = (I v − I h )/(I v + I h ), where I v is the intensity with parallel plane-polarized filters and I h the intensity with perpendicular plane-polarized filters. These data have not been corrected for instrument response.
